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1.0 Introduction 
This Technical Memorandum summarizes the results of the step drawdown testing that took place in May and 
September of 2014 at the Kinder Morgan Liquids Terminals (KMLT) Linnton Terminal (the Site), located 11400 NW 
Saint Helens Road in Portland, Oregon (Figure C‐1). Step drawdown testing was conducted at the following 
extraction wells:  

 EW‐1 and EW‐3 in May 2014 prior to redevelopment 

 EW‐1, EW‐3 in September 2014 after redevelopment 

 New wells EW‐6 and EW‐7 in September 2014 after installation.  

As detailed in the Extraction Well Installation and Redevelopment Report (CH2M HILL, 2014), these extraction 
wells comprise part of the hydraulic gradient control system for the source control measures at the site 
(consisting of eight extraction wells [EW‐1 through EW‐7, and MW‐19], 10 piezometers [PZ‐1 through PZ‐10] and 
sheet pile barrier wall) (Figure C‐2).  

The impermeable sheet pile barrier wall is 216‐feet‐long, approximately 30 feet deep, and terminates within the 
low conductivity fine‐grained unit underlying the shallow sand in this area. In August 2014, extraction wells EW‐6 
and EW‐7 were installed approximately 10 feet on either end of the barrier wall to augment the existing 
extraction well system and maintain hydraulic containment behind the barrier wall. The wells are screened to the 
base of the shallow sand that overlies the low conductivity fine‐grained unit that the barrier wall is anchored into. 

Following installation and development of EW‐6 and EW‐7, existing extraction wells EW‐1 though EW‐4 were 
redeveloped in September 2014, using mechanical methods (i.e., brushing and surging) in conjunction with 
application of sulfamic and hydroxyacetic (glycolic) acid to improve hydraulic connection between the wells and 
the surrounding aquifer. Additional details on well redevelopment methods are included in the Extraction Well 
Installation and Redevelopment Report (CH2M HILL, 2014).   
 
The purpose of this technical memorandum is to: 

• Estimate expected drawdown in observation wells under different pumping conditions 

• Determine baseline well efficiencies of new extraction wells EW‐6 and EW‐7 

• Evaluate well efficiency improvements in EW‐1 and EW‐3 after redevelopment  

• Confirm hydraulic conductivity (K) in vicinity of the barrier wall  

• Optimize pump settings at extraction wells EW‐1 through EW‐7 to maintain capture and minimize over‐
pumping 

The following tables, figures, and attachments are included as part of this Technical Memorandum. 

Tables 

C‐1 – Manual Water Level and Flow Rate Measurement Frequency 
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C‐2 – Step Drawdown Test Overview 
C‐3 – Drawdown at Pumping and Observation Wells 
C‐4 – Transmissivity and Storativity Estimates 
C‐5 – Radius of Influence 

Figures 

C‐1 – Site Location 
C‐2 – Step Test Locations 
C‐3 – Step Drawdown Tests and River Stage 
C‐4 – Drawdown during EW‐1 Tests (May and September 2014) 
C‐5 – Drawdown during EW‐3 Tests (May and September 2014) 
C‐6 – Drawdown during EW‐6 and EW‐7 Tests (September 2014) 
C‐7 – EW‐1 Efficiency (May and September 2014) 
C‐8 – EW‐3 Efficiency (May and September 2014) 
C‐9 – EW‐6 and EW‐7 Efficiency (September 2014) 
C‐9a – EW‐6 Predicted Drawdown (Distance Drawdown Plot) 
C‐10 – EW‐1 Parameter Estimation (May and September 2014) 
C‐11 – EW‐3 Parameter Estimation (May and September 2014) 
C‐12 – EW‐6 and EW‐7 Parameter Estimation 
C‐13 – EW‐1 Distance vs. Drawdown (May and September 2014) 

Attachments 

C‐1 – Field Sheets 
C‐2 – Lithology and Drawdown 

2.0 Field Procedures  
Step drawdown testing took place at EW‐1 and EW‐3 on May 13 to 14, 2014 and at EW‐1, EW‐3, EW‐6 and EW‐7 
on September 15 to 18, 2014 (Figure C‐2 and C‐3). Field sheets for each step drawdown test are included in 
Attachment C‐1. 

All extraction wells on‐site were shut off at least 48 hours prior to the beginning of the tests to allow the 
groundwater levels to equilibrate. A flow‐meter on the discharge line of each pumping well was installed to 
measure the flow rate at each well; the flow rate was also measured occasionally during the tests through timed 
discharge into a graduated 5‐gallon container. For each test, a pressure transducer was placed in the pumping 
well and at two (2) nearby observation wells (Figure C‐2). Depth to water and depth to NAPL measurements were 
collected before, during, and after each pumping test as indicated in Table C‐1.  

Step testing was comprised of four to six constant drawdown steps for each well; water levels and discharge rates 
were recorded in each pumping well (Table C‐2). At each pumping well, the pump was adjusted to maintain a 
constant head (e.g., 1ft, 3ft, 5ft and 7ft below static level) until flow rates and drawdown levels stabilized. Wells 
were purged using air diaphragm QED AutoPumps. Each test was run between four and seven hours. Subsequent 
tests were spaced at least 16 hours apart to allow for recovery of the system.  

3.0 Results 
Results from the step drawdown tests were evaluated using several methods, including:  

• Time versus drawdown plots  

• Specific capacity & efficiency  

• Hydraulic conductivity estimates  

• Distance vs. drawdown plots  



KINDER MORGAN LINNTON TERMINAL – EXTRACTION WELL STEP DRAWDOWN TESTING RESULTS 

The following assumptions were applied in this analysis. Wells where these assumptions are not valid were not 
included in the analytical models used in this analysis. 

• Pumping exerts dominant influence on drawdown in pumping wells and observation wells 

• The sheet pile wall effectively decreases the measured transmissivity (T) at each pumping well behind the 
barrier wall by half (i.e., at EW‐1 and EW‐3) 

• Drawdown at observation wells decreases with increasing distance from the pumping well 

3.1 Time versus Drawdown  
Time versus drawdown plots for each pumping test are included in Figures C‐4 to C‐61. A summary of stable 
pumping rates and drawdown levels at each pumping well is included in Table C‐2; a summary of observed 
drawdown in each pumping and observation well for each step is included in Table C‐3. The following is a 
summary of notable observations from the tests: 

 Maximum pumping rates at all wells in May and September 2014 were less than two gallons per minute. 
September pumping rates at EW‐1 and EW‐3 were roughly half the rates observed in May (Table C‐2), 
likely due to   lower water levels (see Attachment C‐2).  

 Pumping rates at the two new extraction wells on either end of the barrier wall (EW‐6 and EW‐7) were 
nearly double the pumping rates observed at wells behind the barrier wall (EW‐1 and EW‐3). This was 
expected, as the barrier wall acts as a no‐flow boundary, decreasing apparent transmissivity in wells 
behind the wall by approximately half.  

 A comparison of drawdown at observation wells from the EW‐1 and EW‐3 tests in May and September 
(Figure C‐4 to C‐5, and Table C‐3) indicates equal or greater drawdown at observation wells (PZ‐2 and 
MW‐10) in September than in May, which may be due to increased well efficiency following 
redevelopment and reduced saturated thickness due to seasonally declining water levels in September 
2014. 

 Maximum observed drawdown at observation wells varied from a tenth of a foot to several feet (Table C‐
3). Observation wells with significant drawdown included PZ‐2 (EW‐1 test), PZ‐8 and PZ‐2 (EW‐6 test), 
MW‐10 (EW‐3 test), and PZ‐7 and MW‐10 (EW‐3 test).   

The time versus drawdown plots also indicate that various factors such as the river stage, local heterogeneities, 
and the barrier wall likely influence flow patterns.  In general, the pumping test appears to be the dominant 
influence on drawdown in observation wells, with the following exceptions: 

 EW‐1 test (May and September): Observation well PZ‐9 appears to be predominantly influenced by river 
stage fluctuations; drawdown was assumed to be less than 0.05 feet.   

 EW‐3 test (May and September): Despite being located within 10 feet of the pumping well, observation 
well PZ‐6 does not appear to be significantly influenced by the pumping test or river level fluctuations. 
This may be due to localized heterogeneity or other factors influencing flow.   

 EW‐7 test (September): Drawdown at observation wells PZ‐8 and MW‐10 does not decrease with 
distance from the pumping well; localized heterogeneity or other factors may be influencing flow.   

 

                                                            
1 The Willamette River stage shown in these figures was adjusted to show zero displacement at the beginning of each pump test. A positive displacement 
slope indicates decreasing river stage elevation; negative slope indicates increasing river stage elevation. 
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3.2 Specific Capacity and Well Efficiency 
Using stable pumping rates and drawdown (i.e., from the end of each step) in the pumping wells, the percent 
efficiency was calculated for each pumping well. Specific capacity and well efficiency plots are presented in 
Figures C‐7 to C‐9. Well efficiency is calculated via the following formulas (Freeze and Cherry, 1979): 

	
	

	
 

 

	
	 	

	 	 	 	
 

 

%	 	 % 100	 	  

 

Efficiency in both EW‐1 and EW‐3 improved after well redevelopment. Calculated percent efficiency improved at 
EW‐1 from 20‐40% in May to 70‐90% in September, and both EW‐1 and EW‐3 observation wells had increased 
drawdown in September despite lower pumping rates.  

The percent efficiency in EW‐7 was 70‐90% and the observed drawdown at EW‐6 corresponds very well with 
predicted drawdown in the distance‐drawdown curve presented in Figure C‐9a. 

Low well efficiency observed in September 2014 (at EW‐3 and EW‐6) is likely due to low water levels.  

3.3 Hydraulic Conductivity Estimates 
To evaluate the range of hydraulic conductivities in the vicinity of the barrier wall, the drawdown and recovery 
data was analyzed in AQTESOLV (Duffield, 2007) using the Theis solution for a pumping test in an unconfined 
aquifer with variable pumping rates. Curve fitting was performed visually with the highest weight placed on 
observation well drawdowns. A summary of the results of the parameter estimation in AQTESOLV is included in 
Table C‐4.  

To account for the effect of the no‐flow boundary for wells behind the barrier wall (i.e., EW‐1 and EW‐3), the 
transmissivity values estimated in AQTESOLV were divided by 2. Hydraulic conductivity was estimated by dividing 
the transmissivity by the thickness of the saturated aquifer (i.e., bottom of the screen to the water table). All wells 
were assumed to be fully penetrating.  

Results indicate hydraulic conductivity in the vicinity of the barrier wall ranges from 4 to 40 feet per day (ft/d), 
which is comparable to a previous estimates of 19 ft/dy (Delta, 2003) and within the range of literature values for 
alluvial sands (Freeze and Cherry, 1979). Hydraulic conductivity estimates for EW‐1 and EW‐3 from the September 
tests are lower than estimates from the May tests, which is expected, since the tests were conducted within the 
finer‐grained part of the aquifer (see Attachment C‐2).  

3.4 Radius of Influence  
Based on distance drawdown plots and the extent of observed drawdown, the radius of influence for each 
pumping well was approximated (see Table C‐5).  

Distance versus drawdown plots were created for EW‐1 (Figure C‐13) and EW‐6 (Figure C‐9a). Using distance 
versus drawdown plots at EW‐1 and EW‐6, the radius of influence was estimated to range from 50 to 70 feet at 
EW‐1 and at least 25 feet at EW‐6. The radius of influence from EW‐6 is likely larger than predicted; there appears 
to be less drawdown at PZ‐2 than expected, likely due to interference from the barrier wall. The radius of 
influence does not appear to vary significantly for pumping drawdowns greater than five feet.  
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Distance drawdown plots were not created for EW‐3 and EW‐7 in the south barrier wall area where drawdown 
was greater at the more distant observation wells, violating a key assumption of the distance versus drawdown 
calculations. For these wells, the radius of influence was assumed to extend to at least the distance of the furthest 
observation well where significant drawdown was observed.  

4.0 Conclusions 
Results from this study indicate that the step drawdown testing method is an effective method for assessment of 
extraction well efficiency and aquifer conditions on‐site. Multiple lines of evidence were used to evaluate 
efficiency, hydraulic conductivity and radius of influence.  Atypical trends observed during the testing are likely a 
result of the influence of the barrier wall, local heterogeneities and variation in lithology, and influence from the 
river. Key conclusions from the analysis include: 

 Well redevelopment was successful at improving well efficiencies.  

 Results from step testing at new extraction wells EW‐6 and EW‐7 indicate equal or better baseline 
efficiencies have been achieved, compared to wells EW‐1 and EW‐3. . 

 Hydraulic conductivity estimates for the shallow aquifer in the vicinity of the barrier wall range from four 
to 40 ft/dy, which compares well with previous estimates at former extraction well RW‐2 and literature 
values.  

 Generally the radius of influence does not increase significantly for drawdowns greater than five feet from 
static. To improve capture and reduce well fouling, pump intakes will initially be set at 5 ft below static 
water levels and adjusted as needed based on site observations.  

 This study has helped update the Conceptual Site Model in the vicinity of the barrier wall and to refine the 
understanding of the hydraulic conductivity distribution on‐site 

Recommendations for optimization of extraction well system operations include: 

 Extraction well intakes should be positioned at five feet below static water levels to reduce well fouling 

 Single well (pumping well) test are an appropriate method to use to evaluate changes in efficiency against 
baseline. However, extraction well performance testing should be performed at similar starting static 
water levels to provide comparable results.  
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TABLE C‐1

Manual Water Level and Flow Rate Measurement Frequency

Kinder Morgan Liquids Terminals, Linnton Terminal

Time since pump is turned on at the 

beginning of each step

Manual Water Level Measurements Interval 

at Pumping Well (1)
Flow Rate Measurement Interval

(in minutes) (in minutes) (in minutes)

0 – 5 1 1

5 – 60 5 5

60 – 120 10 10

1) At each measurement interval the time, minutes elapsed since pumping step began, depth to water, depth to NAPL, and flow rate will be 

recorded in the field sheets 



FIGURE ��1
Site Map�
Kinder Morgan Liquid Terminals, LLC�
Linnton Terminal
11400 NW St. Helens Road�Portland, 
Oregon
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FIGURE A-2
Step Test Locations
Kinder Morgan Liquid Terminals LLC
Linnton Terminal
11400 NW St. Helens Road
Portland, Oregon
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Figure����
Step�Drawdown�Tests�and�River�Stage�
Kinder�Morgan�Linnton�Terminal�
Portland,�Oregon
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Figure C‐4

Drawdown during EW‐1 Tests 

May and September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐5

Drawdown during EW‐3 Tests 

May and September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐6

Drawdown during EW‐6 and EW‐7 Tests 

September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐7

EW‐1 Well Efficiency

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐8

EW‐3 Well Efficiency

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐9

EW‐6 and EW‐7 Well Efficiency

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐9a

EW‐6 ‐ Predicted Drawdown (Distance Drawdown Plot)

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐10

EW‐1 Parameter Estimation

May and September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐11

EW‐3 Parameter Estimation

May and September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐12

EW‐6 and EW‐7 Parameter Estimation

September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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Figure C‐13

EW‐1 Distance vs. Drawdown 

May and September 2014

Kinder Morgan Liquids Terminals, Linnton Terminal
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- CH2MHILL 
PROJECT NUMBER c.t '1-:t-<O ·3 '7 ~ 0 {' ,.. 0 ·~ 

frff;-C ;s oF L( ....... Step Drawdown Test - Field Log 
.. 

Field Crew: -;1 '2auvt etf e,, 5~-eJ--/(:ff-;-,;,'~ {.{;(( , N o(c:t..L LtWi s ;m v~ ::..,;_ a Llnnton Tenn/na/ • Kinder Morgan 
lJ I L 

Liquids Tennlnals, LLC Date: C/ - ( 'CJ - (<{ Weather: CLOLJl0 '-( ~ ...._7-00F 
PUMPING WELL ID : £w -- r Well Dlameter(ln): G 

Initial DTW (ft): ({; , :=t3 Borehole Diameter (In): I 2. 
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Initial NAPL Layer Thickness (ft): 0 . "::/co Begin Pump Test Time: c:ie> <;. 50 
Well Depth (ft): _, '3 (, '2- End Pump Test Time: 1s· =3<J 

#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MINI PUMPING BEGAN (FT BMPI (FTBMPl TOTALIZER READING (gal) Notes: 
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• CH2MHILL 
PROJECT NUMBER 4 '1 1-rt: 3 ~ ,. 0 ( , 0 °2.-

Pf\6-t: l.{ Cf+: if ~ Step Drawdown Test- Field Log 

CJ 
. / , Field crew: -;}ect.V\.V\.c?~ ~ct_9"'62JCff-ZM Hi ll : N(9(G\.1,,. ·~ L-ew 1S / fi ~f-'2.. (! ,..__ 

Llnnton Terminal • Kinder Morgan - , . 
Liquids Terminals, LLC Date: er -{ 'O - I y Weather: C Lo tJQ '{ --- ~s~p 

PUMPING WELL ID : £w- l Well Dlameter(ln): G 
Initial D"TW (ft): i ~ . -:rs Borehole Diameter (In): l 2.. 

Initial DTNAPL (ft): \<$,Cf~ Sump Length (ft): 3 
Initial NAPL Layer Thickness (ft): CJ ? ·~ Begin Pump Test Time: of>J 5? 

Well Depth (ft): ""'3 { 2-- End Pump Test Time: 1~· -;3 '7 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME IHR:MINl PUMPING BEGAN IFT BMP) IFTBMPl TOTALIZER READING (gal) Notes: 
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Cl CH2MHILL 
PROJECT NUMBER Lf°!'":f-G 3°1 ~ o(ro 2-

f'l..) 1.l.\\-'(~0-
~ Step Drawdown Test - Field Log ~lL-

- , 

c t Fleld crew: j.QO.\A.Vl.e.t\-€... ~/~t \f~I ( : NM C- l-k~e ff< LL/ ffi;'IV'l ff\" 
Llnnton Tennln•I • Kinder Morgan 

Liquids Tennlnals, LLC 
Date: ~ - I 7-/ ~ \J 

Weather: -5' u itJ-N"< ~., e ~1: c Leu oy ~ '15 t= 
PUMPING WELL ID : EW·-S Well Dlameter(ln): ~ 

Initial DTW (ft): \?,t.1 Borehole Diameter (In): 1·2. 
Initial DTNAPL (ft): N{) Sump Length (ft): .'<. 

Initial NAPL Layer Thickness (ft): C)r0 Begin Pump Test Time: CJ? lf 0 
Well Depth (ft): '32.L.f SHeW GU!Df. ~ .... :3o>{p, 'av End Pump Test Time: l<Zi ~'1 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FT BMP) TOTALIZER READING (gal) Notes: 
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- CH2MHILL 
PROJECT NUMBER t-t q 1--G '3! , o (, 02 

~ utl..l t' c v\t'G-
~ Step Drawdown Test - Field Log (,l..'ECL-

I 

0 Llnnton Tennln•I • Kinder Mol'fl•n 
Field Crew: -j' 42_qc.,ivt-€& ~.-~ lctfZCil f{H ( • NA-1-C- H-t::<J.;l(?c..f.c<-L/ 6'1JJft.A 

lJ I l 
Liquids Tennlnals, LLC Date: q-( '-::f- ('-'( Weather: ;; v oJ ( r f\f.-1 c l-0 u .D { "'"'--7S ,. f-

PUMPING WELL ID : ~v.J--3 Well Dlameter(ln}: 6 
Initial D'TW (ft}: l":f, t...( Borehole Diameter (In}: lz.. 

Initial DTNAPL (ft): tJ{) Sump Length (ft): 3 
Initial NAPL Layer Thickness (ft}: (!} ~ a Begin Pump Test Time: o't 'to 

Well Depth (ft}: 32, '-I 1.5EiS ~ 3o ,"-1 ~1 fli~il End Pump Test Time: \G ~ '1 
#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 

TIME IHR:MINI PUMPING BEGAN IFT BMPI IFTBMPI TOTALIZER READING (gal) Notes: 

(\ 3i " C> c..r c;- 2.(. 0"3 zc.03 l=f-111. 6 (J J '-('{ ~ .(!•,.._ 
lC ,,;;.,a'J I ( -, 19\ ~ C '5-e-5l. ·2Jr o~ Nt' \ ~'H~ '"'7 

~v 

I - ~~ 

11-f f!>O ~c; I •2,-(, 0 lf \k\~ ~ ~. : /'+'79 _() 
I £'11 ""'o G;o 2-<. o3 N\) l 'O 0 .. '?_ 0.,'-<'1 ~A)~ 'I 

I Y i ~t>O () - - - ~-leP #-v:9 - 7-3 Pr £Hr4 oC. 
(l.f °t ro ; ? 2 ... '1l1 \tJ 1' I '"Vo 3_. cy 
I I~ o ce> 2- ?_ ~. (:.,y ~..Q I '?<JO~.- °! 
tr c. I 00 3 2- -z_ • , s- N fl i ~io J I 
•• - . Oo 
11<;7_ Lf 7 2 er~ Nt' I 9':iCJ~ -~ 
(ls~ ao ~ ~-2 °JG ~(J ~ cJ~_.g._ 

IC si 00 lo ·7--2 -°'~ N~ ?l I C'J .. ~ P<->M~ e-rc Lt:S ~c.0L:1:. 

c 
t1-CJ3 00 t5 ~2, 9r;; \jf ~) I s, '-1 
(Z,of)i'6 

~ n 22;9h Nf <cJ I CO .. I 
i 2. t ~ DQ -z.< z 2,- cit-- NP (~ '~-~ <9. s l{ 9\Q~ 
[ 2 {~ OC/ '? {J 2 -z._ ~ 'l +- t-){) l ~?-1 " t1 v~ 

,"22 ~<!1 "2_ -"_70CJ ~-:r- •-:> 2 ,,'/:/- Nf I 'C'.;7.L/ _ 7~~ 
l '2 2 '2> "c) l-10 2. 2 J Cf-=!- ~p I 0 2-G. 7S-
(2 33ce Y< 22.-°lf'f-i Nr \ ~ -z_ l!l • ·-:::,. 
( '2- ~ t[)CIO So -z_ 2 , -=t ce.> it-..\ p t 'e13 1 .. -Z...- (7) ~ s-c, fll 1/\.-- ' LJtf= s. 
z_4yo 5S-.~ "2-2~ "'/~ w f' I~ 3~n-7~ 

'-' \) 
I ' 

l '2'-f.Lt"CJ 'S~ 2- 2-- 7''i3 OJf (fl6-S4,.0 CJ,. \.{ G ":7 n,,,.._ 
( Jc!)_ '1 c?) C)C) {nCJ zz, 1'0 Nf l ~3S .. 9 vr 

( '2.--t;-;3:!1<!> Ui~ 22 .. CfCf:> Nfl 1~ ·:,~_s- () , c:;-z 9J Ii' ,.....__ 

( 7_5<® '·-'Cl -.:f-C> 27 °!0 N\' i'CJL/0.==fs c0 L{~~~ ~ """'"'--

f -z,de-JC0 ea 7-2. '=r'0 N-P f eci "'{ ~ .. v/ C), !.( r;; ~ '1v-.--

I~ f ? Joo 90 '22 °/ctJ N~ I f9 $"' o m z.c; 0 'l{ {j ~ vd <)-.... 

;;;JS ' ,., .., _.._ en l Q([> ?2. °!~ v-JP l 'Cl5~,. 3 (~ • L( l ' u ~""'--,_, , LI 0 q 

\ 9!:-°l~LJ . I 

~s -9- ui o I l 

\~~°\. "c) .ubs ·iz, '? ?> Nf I ~Go. 2- () " '-1 9· (J{t--
Iv '-" 

13Y [j f ·-j._ ~ --
l , , ~-- ~llS'"' 22 - '{0 t-J f' l em 1 .. 1 

.,'3<t~" 0 ( 20 2 z ,C[C!() \\Jf I 'f'GI LL 2- ~ c "{ ce 9'i fh--
\)S0 oc:1 ~ - - - 5'1'-£ ~v zt(·(.[ - 2-5 F-r ~['£ 
L 35"(<>C \ 2. "3, _, (~ <JJP (f'?i0 (o., 2 

Jlotes:-0 ( \S. 'f O ~rr r \).) ·-
\\\) V\ {)LuS f\J v-.~ 1(P \ :,·. io l ((i,. s<b o-1uJ 



- CH2MHILL 
PROJECT NUMBER lt°l1-G5,'7 <o(, O(_ ..... Step Drawdown Test - Field Log 

-

c ' Field Crew: ·~POLV\.~e.(:\L ':::>,..,. ' () _{)... 
Llnnton Tennlnal - Kinder Morgan 

\.) Liquids Terminals, LLC Data: ~ - l 1-- \ L\ Weather: C loucO'i' _.._ 80·, F 
PUMPING WELL ID : vuJ·-3 Well Dl<imeter(ln): G 

Initial DTW (ft): \-::{ , v1 Borehole Diameter (In): n ... 
Initial DTNAPL (ft): ~~ Sump Length (ft): 3 

Initial NAPL Layer Thickness (ft): ID I 0 Begin Pump Test Tlme: c!l°I '10 
Well Depth (ft): ~ 2 ,V{ ~(Lr;\ J~AOt:'. ~3o:1~1~ ~p End Pump Test Time: t rntt~ 

#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FTBMP) TOTALIZER READING (gal) Notes: 
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PROJECT NUMBER L(_ °r_ t ~ 3/ , 0 (, 0 2-
CH2M HILL ...... Step Drawdown Test - Field Log 

c ) Fleld Crew: -d~ V\ vi .e, t{-e ~ ... :?.e 
Linnton Tenninal • Kinder Morgan v 

Liquids Tennlnals, LLC 
Date: '1 - ( 1- / Lf Weather: 

PUMPING WELL ID : Pu 1-"3 Well Diameter(in) : ~ 
Initial DTW (fl): ( "1 _VJ Borehole Diameter (in): l "2.. 

Initial DTNAPL (fl): ~ (' Sump Length (ft) : 3 
Initial NAPL Layer Thickness (fl): 0,0 Begin Pump Test Time: a °( '1 o 

Well Depth (fl) : -2,o ~ ~1 ~ ~ End Pump Test Time: I G t:.t t.1 
#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 

TIME IHR:MINI PUMPING BEGAN IFTBMPl (FTBMPl TOTALIZER READING (gal) Notes: 
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PROJECT NUMBER t.t.'1"tG 51 ~ of ,. <!:1 c 
CH2MHILL ... Step Drawdown Test - Field Log 

c.: Field Crew: ;:J~ VL<-1._ -efle S""St.a: / cff Z:fll{ Hr(( . ~ No ( cv._. L ~( 'S /~ ~ 
Linnton Terminal • Kinder Morgan 

Date: er /1'3 {I y () { I 

Liquids Terminals, LLC Weather: q;.; ~tJi -qS -/ <=t 'S C) r 
PUMPING WELL ID : E\JJ - 0 Well Diameter(in): ~:15' -~~ .... , 

• Initial DTW (ft): l+; rc, G Borehole Diameter (in): tttr~ I '2--
Initial DTNAPL (ft): l 1- . fb(C (-.J o ~~ol'::>0C""() Sump Length (ft) : s-

Initial NAPL Layer Thickness (ft): C!> .. CJC> Begin Pump Test Time: o9 'i'1~ 
Well Depth (ft): "-' S l.{ ~i f)(,L ~~ .-;oc,, End Pump Test Time: l s i: ~(') 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FT BMP) TOTALIZER READING (gal) Notes: 

H~ o 'loS- r=1. ec, i+ ~<O {)..&.iql # ~ 2. b 0 S-1 
Le~( 5or1 
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PROJECT NUMBER 1-tq 1-~ 3°r.,. or. o c. 
CH2MHILL ...... Step Drawdown Test- Field Log 

c r ~ "' " 
Field Crew: :J0:tvU1l'€ ~L ';) C'>_R~ 'Cfi-zc;.,1.t (1il I ~ ~ e; l ~ L~rS I vrvt.t~-

Linnton Tenninal - Kinder Morgan 

Date: °l(C'5f l'1 
- I 

Liquids Tenninals, LLC Weather: 

PUMPING WELL ID : E.w·-G Well Diameter(in): "1'<) -Gs- Y. 
Initial DTW (ft): i"1.,~G Borehole Diameter (in): ·-€:r:r5' . ::.t'-t l z_.,-

N (> s-- ..J 

Initial DTNAPL (ft): Sump Length (ft): 

Initial NAPL Layer Thickness (ft): © .. O Begin Pump Test Time: '9"t ~ -1. (; 
Well Depth (ft): -vs~ ~"'1 B (c:>CJ End Pump Test Time: tS ~ ~o 

#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FT BMP) TOTALIZER READING (gal) Notes: 

(CJ 5 V\ 'Sc G--~ \ 1 , 'l 1- ~ Z\ ,c £.. ...., \) f'" 5'G , ·.:s 
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PROJECT NUMBER l-[ °{"'=/-~Sf r <?> {,. 0 2-
CH2M HILL .... Step Drawdown Test - Field Log 

~ Linnton Tenninal - Kinder Morgan 
Fleld Crew: j'.e_q<A<l\.~t(L -:_,,, _o,, /cft2'.J;l-t f(if( ' No(o..- / _fWiS /A-IA f~ 
Date: t7j (C5 ff11 . 

~ ' I I 
Liquids Tenninals, LLC Weather: 

PUMPING WELL ID : Ew·-C> Well Diameter(in) : ;15 ·~'1 
Initial DTW (ft): l1_'C>C-- Borehole Diameter (in): • 1u_. [2 .. 

.T~ \ • 

Initial DTNAPL (ft): µ{> Sump Length (ft) : ~ 
Initial NAPL Layer Thickness (ft): 0 ... 0 Begin Pump Test Time: ~{~·--cc, 

Well Depth (ft): IV ~c.r B10C .... End Pump Test Time: 1s ~ .5-o 
#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 

TIME (HR:MINI PUMPING BEGAN IFTBMPl (FTBMP) TOTALIZER READING (gal) Notes: 
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ls 3'2.~0 '1-o, s ( 6'0l. 'O . 
[ ~'12. 30 fu,.s I aC/GoJ rri .'ml liU \\1 C'f c{ es- f ""'-~ '--
/152'.10 Cfo ,, q »{ -..,! \ l \ c5 Cf rv CL l 7 6 . rzS-9."'L U eye( .e .. 
I '1 ~0 OU CJ N\fv\. NllV\ 112 l.:< S1t~.:#4 2.~F1 fi-f,~ 
1'1 til «> t •7 =< ,,-/ 2-5 _'SS' Nf> f(Zl( , I .., 
M ()°l cc 2- 2-"t .. Io "-lf 11 zG., 3 
!l..(o3 :io J 

.. ';> 2'-1. YO tJ{) t I Z8 ~ 
l'te>l( "G Vf ').\..( .. C,() {\\~ I/ 30~ ·3 
l~c-,sOC) 5 'l- '1 •' '( '5' Nf Ii "32 .. ~ 
1'1I0 rjJO \o 1: 

. 5 ...,,, ,,,r _ _,,,.~ 1-l f' 1143 . 1...f~ (- t:> .. C.- • l _7 L..l1'V 

lt.tlS eei I 5" 2~.Y2 iJf r1s3_a m.1..·~, 

''" 
l'1cf~5 fr..... ;-

(Lf2~ 00 'ZC 25, '1 Z~Z5"'1L./ \\\f il62. .. '1 ~---ctrs-, '!..:;.( /c..,.c(-e 
~ l'i 2.S tto 2~ tS,~J.. AIP 111 j .8 I~ \,....\: -«A ~1- Jl-/}.'\~"C> 

l~~c.'.) •u ~u ,l_:) I I../:)_ /\.) p II~. t.. 
1'1 )5 ... - s-5 ).5. '1d-. A)(J 1188 .).. f,7 ~p ...... 

I '1'10 c<J '-/ cJ :J. :), '1). AJP ll"ttt.{ 
/'1L/ 5 -0 C> "1> .;...s-. '-/J.-~j .1:> A. JP l~o~.~ 
/"1~0 r.).J ~o l..$•4~ AN IAl ~1.~ I.., <\)W\ 

t'l>'5°~ ;t;"< as.1..f). JJP 1~;}.J.,'8 

J50o 00 
(,.c) A)~ IJ.~ \ 's 

15'lt>co 10 l .5'1'-f J.. /\JP ld--<--/ 7, l 
15".~~ Re J-.)-. 4 Co .1() J>-6a, ~ W i'}'JU.111 .... d 

J5":J0 OCI z_t; . '1 ~ l--1 ~ tl~S~~ 
. . 

'le 
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- CH2MHILL 
PROJECT NUMBER "'1 qt G3~ ,. of. o 2-

~vLl-\..Ptl.06-..... Step Drawdown Test - Field Log W£L-L., 
-c Llnnton Tennln•I • Kinder Morgan 

Field Crew: ;j.e'1.Vt.V\...t ~...e__. So·~/ { f{"7c.l.t /-( )I ( • Jj .J'o<f --:-}c---.c f;..s;C>\..- / fkttL 
~ I 

Liquids Tennlnals, LLC 
Date: ~ ((G (l'l.f Weather: ~c}~~ -ec"F *cF~t-t Fl~ 

PUMPING WELL ID : f \1.J--=f Well Dlameter(ln): "I 
Initial DTW (ft): 2. c; • crz... Borehole Diameter (In): 12.. 

Initial DTNAPL (ft): N(' Sump Length (ft) : ~ 
Initial NAPL Layer Thickness (ft): (!) (' C) Begin Pump Test Time: o9 I 3 "'0 

Well Depth (ft): .,,...3'-j, 5 ~ B -CoC End Pump Test Time: l '52 ~ "Jo 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) IFT BMP) TOTALIZER READING laall Notes: 
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- CH2MHILL 
PROJECT NUMBER Y. '1. "::/- G sl ,,. o r, o -z_ 

~cJIMP \a-JG-
~ Step Drawdown Test - Field Log WE.LL 

c Llnnton Terminal - Kinder Morgan 
Fleld Crew: -d'...a2Ct._ w/\.-e_ {-t -€.... ~ ~cp ct\-z<K H<l{ ( en.~ 'd°'"c.\7'.$0- IV\~~~ 

Liquids Terminals, LLC 
Date: CJ/ I G {tY 

PUMPING WELL ID : ~vJ-+ 
Initial DTW (ft): /_C) _ 0 l.-

Initial DTNAPL (ft): t-J f> 
initial NAPL Layer Thickness (ft): 0 , 0 

Well Depth (ft): /V ;>-'I, 6 P-t 
#MINSINCE DEPTH TO WATER 

TIME IHR:MINI PUMPING BEGAN IFT BMPI 
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Notes: 

f\~ 3 ~0~ 

\) 

$clN~ '"( Weather: 

Well Dlameter(ln): 

Borehole Diameter (in): 

Sump Length (ft): 

Begin Pump Test Time: 

iY1lG End Pump Test Time: 

DEPTH TO LNAPL FLOW RATE (gpm) or 
(FTBMPI TOTALIZER READING (gal) 
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- CH2MHILL 
PROJECT NUMBER tt'11-ro ·5~,. o < ~ o 2-

~ Step Drawdown Test - Field Log 

c Llnnton Terminal· Kinder Morgan 
Field crew: ;f eqV\.V\e&.--~/cffzcJ-<. Hr LL ; g ~O '.1AiCE\SclJ l fAu-r-t'f 

'-J I 
Liquids Terminals, LLC Date: q/[(>/t~ Weather: 5v:Jtv'1 ....,(t1Jf"Z£'F~ fl ~ES ~ex ') <J f 

PUMPING WELL ID : ~w- "1- Well Dlameter(ln): l{ 
Initial DTW (ft): ?fl .o-z._ Borehole Diameter (In): \ 2 .. 

Initial DTNAPL (ft): N{) Sump Length (ft): ~ 
Initial NAPL Layer Thickness (ft): G, n Begin Pump Test Time: 0°1 l 3 

Well Depth (ft): ---- 3t.t, c;- er S\V {> (1a:.) End Pump Test Time: \ S 2--"i lo 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME IHR:MINl PUMPING BEGAN (FTBMPI IFTBMPI TOTALIZER READING (gall Notes: 
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PROJECT NUMBER 

CH2MHILL 
~ Step Drawdown Test - Field Log 

Fleld Crew: :1-e.AVI. ·~EW-- ~o& /Cf:t21J.A. lf1CI . No~f\N WtS fu\1-(Eft 
L/nnton Tennlnal - Kinder Morgan 

Liquids Tennlnals, LLC 
Date: 5 {f '1 / IY Weather: 

I ~ ~-A p "tPiC.l;:\:501J.J t ~ N-CE VI 
5 .; vJN'f -'\.... <oe> -><=to ~r-

PUMPING WELL ID : tw·-3 Well Diameter(in) : <O 
Initial DTW (ft) : P.J..L l\ .. er I Borehole Diameter (in): 

Initial DTNAPL (ft): i i 91 Sump Length (ft) : 2-
Initial NAPL Layer Thickness (ft) : - Begin Pump Test Time: o~~oo 

Well Depth (ft) : .v :)O p-< ~ov End Pump Test Time: l-5-: z.G 
#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or ..;;:, 5 S-:/ , -=! S 

TIME (HR:MIN) PUMPING BEGAN (FT BMP) (FTBMP) TOTALIZER READING laatr Notes: 
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PROJECT NUMBER 2 ot=- 1 
CH2MHILL 

~ Step Drawdown Test - Field Log 

Llnnton Terminal - Kinder Morgan 
Field Crew: !1'1 c..11\"'-t ~-e qco..~ ( l H CQ.l. l-{,·tl 1 Ncl Ill'\. L..~w iS / ~ ~~~, & lfl>-Ol '(} ctCf:>o-..-/lf "'~ 

Liquids Terminals, LLC Date: 5) I '1 /I '1 Weather: 

PUMPING WELL ID: tw~3 Well Diameter(in): 

Initial DTW (ft): Borehole Diameter (in): 

Initial DTNAPL (ft) : Sump Length (ft) : 

Initial NAPL Layer Thickness (ft) : Begin Pump Test Time: 

Well Depth (ft) : End Pump Test Time: 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FTBMP) TOTALIZER READING (gal) Notes: 

~c: '$) ,7 ~ 113 (S l Lt ' ( 0 f L.,I , I CJ ~ P'fb~ 7 
~0 tfv\ [~ I ~ , f o \~,Id ~ro~ · ~l 
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PROJECT NUMBER 

CH2M HILL 
3 <9t=- y ... Step Drawdown Test - Field Log 

Llnnton Tenninal - Kinder Morgan 
Field Crew: -;f e Ctv. i.t (! ft.e_ S~/ Ctf?V1 ~/ill ~c!o.... Lt>w15 I ~1.<fel\., 6 ~.J .. d-r;. 1~ 

c; (fl.1 /1 '1 
--

Liquids Tenninals, LLC Date: Weather: 

PUMPING WELL ID : 
~ 

'::::, Well Diameter(in): r--c.,u 
Initial DTW (ft): Borehole Diameter (in): 

Initial DTNAPL (ft) : Sump Length (ft) : 

Initial NAPL Layer Thickness (ft) : Begin Pump Test Time: 

Well Depth (ft): End Pump Test Time: 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FT BMP) TOTALIZER READING (gall Notes: 
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Notes: 



PROJECT NUMBER 

CH2M HILL .... Step Drawdown Test - Field Log 

Linnton Tenninal • Kinder Morgan 
Field crew: :Je..o....,."'e H.e.. S"'-ceA/ctl c::~ (-fi'(f, µ,,(o... l..ewiS /&li..-leo- , Bfb.d -:J~c(;~o- /Vii...~ ,...... 

Liquids Tenninals, LLC Date:~ ( { lf (l lJ Weather: 

PUMPING WELL ID : E. LJ ·-~ Well Diameter(in) : 

Initial DTW (ft) : Borehole Diameter (in): 

Initial DTNAPL (ft) : Sump Length (ft) : 

Initial NAPL Layer Thickness (ft): Begin Pump Test Time: 

Well Depth (ft) : End Pump Test Time: 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) IFT BMP) TOTALIZER READING (aal) Notes: 

i /_ ', z_<;, l L..--<.. . -:::/- 5 ?_s r ::,.~ --::/- <., Ci , ~ ,c::;- Sb\:"tM.~ r~ (,.... 
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13 ;zG PulM (> of'~ -- - 6e>CJ ... 2~ FINA-L ~ E. 'f\ .0 I N {.;... 

Notes: 
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PROJECT NUMBER 

CH2M HILL 
~ Step Drawdown Test - Field Log 

. i\ - "d '- . A f 

FleldCrew: :f,,€c,,\/\.vtol\l_('._ S:-t~ .. e../CHZ..uVl Hill U1'vlC<V\ llt\vt\ 
Linnton Tenninal ·Kinder Morgan 1----....;:._--.--~---1.-J--........... ----'----~""'-!....::="--------1 

Liquids Tennlnals, LLC Date: 5 // 3 / L{ Weather: ~s U tJ IN~ ,,....-- 8 ('.) 0 ~ 

PUMPING WELL ID: E..l.A) - J Well Diameter(in) : G 
Initial DTW (fl) : [ I , ~ O Borehole Diameter (in): 

Initial DTNAPL (fl): 11 G 2. Sump Length (ft) : L.. 
Initial NAPL Layer Thickness (fl) : (j ~ I ei Begin Pump Test Time: 0 £> : "1 2.. 

WellDepth(ft) : ""33~tb,_5 (·<So4'+ bio<....) EndPumpTestTime: \ S'"'·l..'1 
#MIN SINCE DEPTHTOWATER DEPTHTOLNAPL FLOWRATE..(gpm)~ - 1-7 f~ -,..l ()'"llv'-'1.-::> ::/. \/.... \ 

TIME (HR:MIN) PUMPING BEGAN (FT BMP) (FT BMP) ld'()rAC1ZER READlNG'(iial)' Notes: ""'1cr""( ~ E. f'Q I Nt 
oB : l~ ·- Ir ~) CJ i l,~'2 - il.f,,'1S1 
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------i---------- - ------'--' 
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- ~ - --------.--------
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PROJECT NUMBER 

CH2M HILL 
~ Step Drawdown Test - Field Log 

Linnton Tenninal • Kinder Morgan 
Field crew: Jet:\V\tl\eJ\~ So.t;...u&..../c..l"tci>-1 H;t\, NelC>\'- l..-€.wi s / l1,f<\.ci J ~c!ASci.......(i\., ~1 

'-' 
, 

Liquids Tenninals, LLC oate: t; (r 3 /i y 50N Ni e . -Weather: """ C) r-
PUMPING WELL ID : ~W--\ C<W'1'1[) Well Diameter(in) : 

Initial DTW (ft) : Borehole Diameter (in) : 

initial DTNAPL (ft) : Sump Length (ft) : 

Initial NAPL Layer Thickness (ft): Begin Pump Test Time: 

Well Depth (ft) : End Pump Test Time: 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME IHR:MIN) PUMPING BEGAN IFTBMPI IFTBMPI TOTALIZER READING (gal) Notes: 
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PROJECT NUMBER 

CH2MHILL ..... Step Drawdown Test - Field Log 

Fleld Crew: 
Linnton Tenninal • Kinder Morgan 

Liquids Tenninals, LLC Date: ~(l?, {(\-\ Weather: Sv~~'( 
PUMPING WELL ID : FW-l Co· ~-1.0 Well Diameter(in) : 

Initial DTW (ft) : Borehole Diameter (in): 

Initial DTNAPL (ft): Sump Length (ft): 

Initial NAPL Layer Thickness (ft): Begin Pump Test Time: 

Well Depth (ft) : End Pump Test Time: 

#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FTBMP) TOTALIZER READING (gal) Notes: 
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PROJECT NUMBER 

CH2MHILL 
~ Step Drawdown Test - Field Log 

Field Crew: 
Linnton Terminal • Kinder Morgan 

Date: 5 /\ 3 fl L{ Liquids Terminals, LLC Weather: 

PUMPING WELL ID : r::w-1 coo.rt J) Well Diameter(in): 

Initial DTW (ft): Borehole Diameter (in): 

Initial DTNAPL (ft): Sump Length (ft): 

Initial NAPL Layer Thickness (ft): Begin Pump Test Time: 

Well Depth (ft): End Pump Test Time: 

#MIN SINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME (HR:MIN) PUMPING BEGAN (FTBMP) (FTBMP) TOTALIZER READING (gal) Notes: 
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PROJECT NUMBER 

CH2MHILL 
~ Step Drawdown Test- Field Log 

Field Crew: 
Linnton Tennina/ ·Kinder Morgan 

S(l~ flY Liquids Tennina/s, LLC Date: Weather: 

PUMPING WELL ID : E..W-\ COii'- 1 () Well Diameter(in): 

Initial DTW (ft): Borehole Diameter (in): 

Initial DTNAPL (ft) : Sump Length (ft): 

Initial NAPL Layer Thickness (ft) : Begin Pump Test Time: 

Well Depth (ft) : End Pump Test Time: 

#MINSINCE DEPTH TO WATER DEPTH TO LNAPL FLOW RATE (gpm) or 
TIME IHR:MIN) PUMPING BEGAN IFTBMPI IFTBMPI TOTALIZER READING (aal) Notes: 
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Piezometer Completion Diagram

LOCATION: 11400 NW St. Helens Road, Portland, ORPROJECT: Kinder Morgan - Linton Terminal

ELEVATION:

PROJECT NUMBER: 434697.01.01

DRILLING CONTRACTOR: Major Drilling

WATER LEVELS: START: FINISH: LOGGER: Maria F.

Sheet: 1 of 1

BORING NUMBER:

DRILLING METHOD AND EQUIPMENT: Rotosonic DRILLER:
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Soil Description

W
el

l 
D

ra
w

in
g

Well Construction Notes

1/12/12 1/12/12

EW-01

light brown, moist, medium stiff plastic, 80% clay, 20% fine 
sand, 0.0 ppm

same as above, 0.0 ppm

light brown/red clay with 20% fine sand, semi-plastic, medium 
stiff, 5 - 6' some red, 0.0 ppm

light gray clay, stiff, semi-plastic, 0.0 ppm

loose fine sand, well graded with 10% silts

loose sand, well graded, light gray, 85.9 ppm

well graded fine sand, very loose, 12.5 - 13' =  157 ppm, 13 -14' 
= 26.1 ppm, 14 - 15' = 26 ppm

moist, loose fine sand, well graded, light gray, 16' = 117 ppm, 
17' = 194 ppm

moist, fine sand, well graded, with 5% clay, loose, 140 ppm

50% fine sand, 50% clay, wet, light gray, plastic

sheen, clay, light gray, wet, 5% fine sand, plastic, soft, 80 ppm

same as above, wet

saturated, sheen observed

wet, light gray clay, plastic, semi-stiff

light gray, wet clay, very stiff, plastic with drops of oil

sandy clay, moist, light gray, oil droplets

sheen observed, sandy clay, non-plastic, stiff

light gray clay, 5% very fine sand

plastic, medium stiff

very soft plastic, wet, light gray clay

stiff, plastic, light gray clay, sheen observed

soft, plastic, wet clay

loose clay with 100% very fine sand, very stiff, non-plastic, 
sheen observed, droplets of oil can be seen down to 33'

End of Log

Based on required connections

Traffic-Rated Vault

Dimensions based on other criteria

Bentonite Chips

6-in. dia. Sch 80 PVC; flush threaded
6-in. dia.; 2-ft long Sch 80 PVC
with flush-threaded bottom cap

6-inch dia.; Schedule 80; 0.040-inch 
slot size mill-slotted screen

10-20 Colorado Sand

Stainless steel centralizer; top and 
bottom of screen

jsager
Callout
Static Head in May 2014 (11.5 ft btoc)

jsager
Callout
Static Head in Sept 2014 (16 ft btoc)

jsager
Polygonal Line

jsager
Polygonal Line

jsager
Callout
3 to 12 ft DD

jsager
Callout
2 to 9 ft DD

jsager
Callout
TOC is ~2ft below grade

jsager
Polygonal Line

jsager
Text Box
transition from sand to clay/sandy clay

jsager
Polygonal Line

jsager
Polygonal Line



Piezometer Completion Diagram

LOCATION: 11400 NW St. Helens Road, Portland, ORPROJECT: Kinder Morgan - Linton Terminal

ELEVATION:

PROJECT NUMBER: 434697.01.01

DRILLING CONTRACTOR: Major Drilling

WATER LEVELS: START: FINISH: LOGGER: Maria F.

Sheet: 1 of 1

BORING NUMBER:

DRILLING METHOD AND EQUIPMENT: Rotosonic DRILLER:
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Soil Description
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Well Construction Notes

3/5/12 3/6/12

EW-03

no recovery

brown, coarse sand and gravel, 278 ppm

brown fine sand, 281 ppm

abrupt change in color, brown to gray fine sand

gray well graded sand, loose, moist, 103.7 ppm

No recovery, expecting recovery, but nothing was recovered

loose, coarse sand, moist, gray, 15' - 909 ppm, 15.5' = 420 ppm

wet, loose, gray, well graded fine sand, 510 ppm

saturated, loose, gray, well graded sand with clay, 314 ppm

wet, gray sand, 11.3 ppm

sheen observed and wood debris throughout core, 35.4 ppm

moist, gray, fine sand with 40% clay, dense sand

medium dense sand, moist

very saturated core

stiff clay with well graded fine sand

soft gray clay with well graded very fine sand

moist, very stiff clay, gray with 10% very fine sand

plastic, moist, stiff, gray clay

wet plastic, soft gray clay

End of Log

Based on required connections

Traffic-Rated Vault

Dimensions based on other criteria

Bentonite Chips

6-in. dia. Sch 80 PVC; flush threaded
6-in. dia.; 2-ft long Sch 80 PVC
with flush-threaded bottom cap

6-inch dia.; Schedule 80; 0.040-inch 
slot size mill-slotted screen

10-20 Colorado Sand

Stainless steel centralizer; top and 
bottom of screen

jsager
Callout
TOC is ~2ft below grade

jsager
Callout
Static Head in May 2014 (12 ft btoc)

jsager
Callout
Static Head in Sept 2014 (17.5 ft btoc)

jsager
Polygonal Line

jsager
Callout
1 to 12 ft DD

jsager
Polygonal Line

jsager
Callout
1.5 to 8 ft DD

jsager
Text Box
transition to finer sand/sandy clay

jsager
Polygonal Line

jsager
Polygonal Line

jsager
Polygonal Line



PROJECT NUMBER BORING NUMBER

497639.01.02 EW-6 SHEET 1 OF 1

SOIL BORING LOG and WELL CONSTRUCTION 

PROJECT : Kinder Morgan Linnton Terminals Extraction Wells Installation LOCATION : Portland, Oregon

DRILLING CONTRACTOR Cascade Drilling LP
DRILLING METHOD AND EQUIPMENT USED :  Hollow Stem Auger, CME-85 Truck-Mounted Rig (8.25"/12.25" AUGER)
WATER LEVELS :-- START : 8/28/2014 END : 8/28/2014 LOGGER : J. Sager
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION

SAMPLE INTERVAL (FT) PENETRATION

RECOVERY (FT) TEST

#/TYPE RESULTS

6"-6"-6"-6" PID READING

(N) (ppm)

0 ___ __ __
_ 0.0 Air Knife Air Knife to 5.0 ft bgs _ BZ _
_ _ Oxygen = 20.9% _
_ _ LEL = 0% _
_ _ VOCs = 0.0 ppm _

 ___ __ H2S = 0 ppm __
_ _ _
_ _ _
_ _ _
_ _ _

5 ___ 5.0 __ __
_ 1.5/1.5 SPT-1 Silt (ML) _ _
_ _ _
_ 6.5 _ _
_ _ _

 ___ __ __
_ _ _
_ _ _
_ _ _
_ _ _

10 ___ __ __
_ 10.0 1.5/1.5 SPT-2 10.0' - becomes medium plasticity _ _
_ _ _
_ 11.5 _ _
_ __ __

 ___ __ __
_ _ _
_ _ _
_ _ _
_ _ _

15 ___ __ __
_ 15.0 1.0/1.5 SPT-3 _ _
_ Sand with Silt (SM) _ _
_ 16.5 _ _
_ _ _

 ___ __ __
_ _ _
_ _ _
_ _ _
_ _ _

20 ___ __ __
_ 20.0 1.0/1.5 SPT-4 _ _
_ _ _
_ 21.5 Silt (ML) _ _
_ _ _

 ___ __ __
_ _ _
_ _ _
_ _ _
_ _ _

25 ___ __
_ 25.0 1.5/1.5 SPT-5 _
_ _
_ 26.5 _
_ 1.0/1.5 SPT-6 _

 ___ __
_ 28.0 _
_ 1.5/2.0 SPT-7 _
_ _
_ _

30 ___ 30.0 __ 30.0' Bottom of Screen

_ 2.0/2.0 SPT-8 30.0' - abundant oil mottled through sample _ 30.0-35.0' - Sump

_ _
_ _
_ 32.0 _ BZ

___ 1.5/1.5 SPT-9 __ Oxygen = 20.9%
_ _ LEL = 0%
_ 33.5 _ VOCs = 0.0 ppm
_ 1.5/1.5 SPT-10 _ H2S = 0 ppm

_ End Drilling on 8/28/2014 _
35 ___ 35.0 Total Borehole Depth: 35.0 ft bgs __ 35.0' Bottom Depth of Well

_ _
_ ABBREVIATIONS _ 12"
_ ' = Feet _
_ BZ = Breathing Zone _

 ___ VOCs = Volatile Organic Compounds __

25.0' - becomes medium plasticity, visible product

31.5' - grades to very dark greyish brown (10 YR 
3/2) 

Well Casing and Screen Materials                  
Casing Material: Sch 40 PVC                 
Casing Diameter: 4-in                                     
Seal Type: 3/8" Bentonite Chips                     
Pack Type: 10x20 Colorado Sand                     
Screen Length: 15 ft                                     
Screen Type: Sch 40, 0.020" Milled Slots

5.0-15.5' - dark brown (10YR 3/3), moist, medium 
stiff, non-plastic (0/0/100)

12.0' Top Depth of Filter Pack

15.0' Top Depth of Screen

15.5-21.0' - black (N 2.5/), moist, loose, fine to 
medium sand, strong odor (0/80/20)

21.0-35.0' - greenish black (10 GY 2.5/1), medium 
soft, non-plastic, strong odor (0/0/100)

3.0' to 12.0' Bentonite Chip 
Seal

WELL CONSTRUCTION DIAGRAM

  SOIL NAME, USCS GROUP SYMBOL, COLOR,   MOISTURE 
CONTENT, RELATIVE DENSITY   OR CONSISTENCY, SOIL 

STRUCTURE,  MINERALOGY.

CASING MATERIAL, SCREEN TYPE, SEAL TYPE, FILTER 
SAND TYPE

Flush-mount vault and 
cement seal (to 3.0' bgs)

jsager
Callout
TOC is ~0.5ft below grade

jsager
Polygonal Line

jsager
Callout
Static Head in Sept 2014 (18 ft btoc)

jsager
Polygonal Line

jsager
Callout
1 to 8 ft DD

jsager
Polygonal Line

jsager
Text Box
transition from sand to silt



PROJECT NUMBER BORING NUMBER

497639.01.02 EW-7 SHEET 1 OF 1

SOIL BORING LOG and WELL CONSTRUCTION 

PROJECT : Kinder Morgan Linnton Terminals Extraction Wells Installation LOCATION : Portland, Oregon

DRILLING CONTRACTOR Cascade Drilling LP
DRILLING METHOD AND EQUIPMENT USED :  Hollow Stem Auger, CME-85 Truck-Mounted Rig (8.25"/12.25" AUGER)
WATER LEVELS :-- START : 8/28/2014 END : 8/29/2014 LOGGER : J. Sager
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION

SAMPLE INTERVAL (FT) PENETRATION

RECOVERY (FT) TEST

#/TYPE RESULTS

6"-6"-6"-6" PID READING

(N)

0 ___ __ __
_ 0.0 Air Knife Air Knife to 5.0 ft bgs on 8/28/2014 _ _
_ _ _
_ _ _
_ _ _

 ___ __ __
_ _ _
_ _ _
_ _ _
_ _ _

5 ___ 5.0 __ __
_ 1.5/1.5 SPT-1 13-15-16 Silty Sand (SM) _ HS _
_ _ VOCs = 2.63 ppm _
_ 6.5 _ BZ _
_ _ Oxygen = 20.9% _

 ___ __ LEL = 0% __
_ _ VOCs = 0.0 ppm _
_ _ H2S = 0 ppm _
_ _ _
_ _ _

10 ___ __ __
_ 10.0 1.5/1.5 SPT-2 7-10-11 10.0-11.5' - strong hydrocarbon odor _ HS _
_ _ VOCs = 165 ppm _
_ 11.5 _ BZ _
_ __ Oxygen = 20.9% __

 ___ __ LEL = 0% __
_ _ VOCs = 0.0 ppm _
_ _ H2S = 0 ppm _
_ _ _
_ _ _

15 ___ __ __
_ 15.0 1.5/1.5 SPT-3 7-11-13 15.0-16.5' - strong hydrocarbon odor _ HS _
_ _ VOCs = 312 ppm _
_ 16.5 _ BZ _
_ _ Oxygen = 20.9% _

 ___ __ LEL = 0% __
_ _ VOCs = 0.0 ppm _
_ _ H2S = 0 ppm _
_ _ _
_ _ _

20 ___ __ __
_ 20.0 1.5/1.5 SPT-4 4-6-7 20.0-21.5' - strong hydrocarbon odor _ HS _
_ _ VOCs = 143 ppm _
_ 21.5 21.0' - wood fragments _ BZ _
_ _ Oxygen = 20.9% _

 ___ __ LEL = 0% __
_ _ VOCs = 0.0 ppm _
_ _ H2S = 0 ppm _
_ _ _
_ _ _

25 ___ __
_ 25.0 1.5/1.5 SPT-5 4-5-7 _ HS 
_ Silt (ML) _ VOCs = 10.3 ppm
_ 26.5 25.5-26.5' - brown (10 YR 4/3), soft _
_ 1.5/1.5 SPT-6 4-6-8 26.5-27.0 - with interbedded silty sand (SM) _ HS 

 ___ 27.0-28.0' - medium stiff __ VOCs = 88.0 ppm
_ 28.0 _
_ 2.0/2.0 SPT-7 6-10-12-14 _ HS 
_ _ VOCs = 12.5 ppm
_ _

30 ___ 30.0 __ 30.0' Bottom Depth of Screen

_ 1.5/1.5 SPT-8 2-2-3 _ 30.0-35.0' - Sump HS 
_ _ BZ VOCs = 0.40 ppm
_ 31.5 _ Oxygen = 20.9%
_ 1.5/1.5 SPT-9 1-2-4 _ LEL = 0% HS 

___ __ VOCs = 0.0 ppm VOCs = 2.90 ppm
_ 33.0 _ H2S = 0 ppm

_ 2.0/2.0 SPT-10 2-3-4-6 _ HS 
_ _ VOCs = 0.40 ppm
_ 34.0' - interbedded with sand stringers _

35 ___ 35.0 34.5-35.0' - grades to medium stiff __ 35.0' Bottom Depth of Well

_ End Drilling on 8/29/2014 _
_ Total Borehole Depth: 35.0 ft bgs _ 12"
_ _
_ _

 ___ __

Well Casing and Screen Materials                   
Casing Material: Sch 80 PVC                 
Casing Diameter: 4-in                                     
Seal Type: 3/8" Bentonite Chips                     
Pack Type: 10x20 Colorado Sand                       
Screen Length: 15 ft                                     
Screen Type: Sch 80, 0.020" Milled Slots

31.5' - interbedded with 1-2" stringers of brown silt 

13.0' Top Depth of Filter Pack

5.0-25.5' - brown (10 YR 2/3), slightly moist, loose, 
fine to medium sand with <10% angular to 
subangular gravel
5.5' - grades to black (N 2.5/), strong hydrocarbon 
odor

28.0' - interbedded with black (N 2.5/) stringers of 
silty sand (SM) 

Abbreviations: ' = Feet, BZ = Breathing Zone, HS 
= Head Space, VOCs = Volatile Organic 
Compounds

WELL CONSTRUCTION DIAGRAM

15.0' Top Depth of Screen

CASING MATERIAL, SCREEN TYPE, SEAL TYPE, FILTER 
SAND TYPE

  SOIL NAME, USCS GROUP SYMBOL, COLOR,   MOISTURE 
CONTENT, RELATIVE DENSITY   OR CONSISTENCY, SOIL 

STRUCTURE,  MINERALOGY.

Flush-mount vault and 
cement seal (to 3.0' bgs)

3.0' to 13.0' Bentonite Chip 
Seal

jsager
Callout
TOC is ~0.5ft below grade

jsager
Callout
Static Head in Sept 2014 (20 ft btoc)

jsager
Polygonal Line

jsager
Callout
1 to 7 ft DD

jsager
Polygonal Line

jsager
Text Box
transition from sand to silt

jsager
Polygonal Line
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